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(54) HEAT EXCHANGE COMPOUND MODULE

(57) The disclosure relates to a heat exchange com-
pound module and a manufacturing method for a heat
exchange compound module. The heat exchange com-
pound module comprises a metal-ceramic substrate and
a heat exchange structure. The metal-ceramic substrate
comprises an outer layer of a first metallic material. The

heat exchange structure is made of a second metallic
material and is connected to the outer layer of the met-
al-ceramic substrate only by an eutectic bond between
the first metallic material and the second metallic mate-
rial.
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Description

[0001] The present disclosure relates to a heat ex-
change compound module and a manufacturing method
for a heat exchange compound module.

BACKGROUND

[0002] Conventionally, a metal-ceramic substrate, for
example a DCB (direct copper bonded), is attached to a
heat sink or base plate with the aid of electroconductive
glues, sinter pastes, solder or the like. This provides at
least two issues. First, the use of glues, sinter pastes,
solder or the like is cumbersome. Second, the massive
heatsink poses problems due to its thermal mass and
provides limitations in view of customization of the posi-
tion, shape and size of the cooling plates.

SUMMARY

[0003] Hence, there is a need to provide an improved
heat exchange compound module, which is easier to
manufacture.
[0004] This objective is solved by the subject-matters
of the independent claims, wherein further embodiments
are incorporated in the dependent claims. It should be
noted that the aspects of the disclosure described in the
following apply to the heat exchange compound module
as well as to the manufacturing method for a heat ex-
change compound module.
[0005] According to the present disclosure, a heat ex-
change compound module is presented. The heat ex-
change compound module comprises a metal-ceramic
substrate and a heat exchange structure. The metal ce-
ramic substrate comprises at least one outer layer of a
first metallic material. The heat exchange structure is
made of a second metallic material and is connected to
the outer layer of the metal-ceramic substrate only by an
eutectic bond between the first metallic material and the
second metallic material.
[0006] In other words, the heat exchange structure (as
e.g. a pin fin cooler) is integrated into the substrate on
substrate level. The use of glues, sinter pastes, solder,
thermal interface materials or the like is avoided, which
makes the manufacture easier and the heat exchange
compound module more reliable.
[0007] Further, the heat exchange structure can be
pre-shaped and, by means of a tool, held and joined to
the substrate. Thereby, the heat exchange compound
module is even more easy and cost effective to manu-
facture.
[0008] Problems induced by the massive thermal mass
of a conventionally more massive heatsink are avoided.
Instead, there is an improved thermal connection be-
tween the metal-ceramic substrate and the heat ex-
change structure. Further, the heat exchange compound
module and the heat exchange structure according to
the disclosure can be easily customized in view of posi-

tion, shape and size of the heat exchange structure. Fur-
thermore, a fully integrated heat exchange compound
module can be offered and sold.
[0009] The heat exchange compound module can be
used for power electronic modules, especially in auto-
motive applications for e.g. a power train using direct
cooling systems. It can also be used for diodes, in par-
ticular UV diodes, comprising substrate and liquid cooled
systems. Further, it can be used for all kinds of card mod-
ules with liquid cooling and in particular with water cool-
ing.
[0010] In an embodiment, the heat exchange structure
is a direct cooling device. In another embodiment, the
heat exchange structure is a heat sink. In another em-
bodiment, the heat exchange structure is a pin fin cooler.
In an embodiment, the pin fin cooler comprises a plurality
of single, non-interconnected pin fins. This means, the
pins are not connected with each other, in particular not
by means of a common holding plate. Thereby, issues
induced by the larger thermal mass of a conventional
heatsink comprising not only the pins, but also a common
plate holding the pins are avoided. Further, the heat ex-
change structure can be manufactured easier and more
cost effective compared to a conventional pin fin cooler.
[0011] In an embodiment, the heat exchange structure
is directly connected to the outer layer of the metal-ce-
ramic substrate, which means without any agent. In an
embodiment, the heat exchange structure is connected
to the outer layer of the metal-ceramic substrate by a
heat diffusion process.
[0012] In an embodiment, the metal-ceramic substrate
is a sandwich comprising the outer layer of the first me-
tallic material as a first outer layer, followed by a metal-
ceramic core and followed by another or second outer
layer of a metallic material. It may be the same or a dif-
ferent metallic material compared to the first metallic ma-
terial. The other or second outer layer may be at least
partly structured to form electrical contact areas. The
electrical contact areas can be used to connect the heat
exchange compound module to an electronic unit.
The metal-ceramic substrate may have a thickness in a
range of 0.75 to 1.1 mm, preferably 0.9 to 1.0 mm, and
more preferably 0.92 to 0.98 mm. This can be understood
as, for example, two layers of metallic material of about
0.3 mm and a ceramic of about 0.32 to 0.38 mm. Further
thicknesses are also feasible, for example, 0.65 to 2.20
mm in total, which can be two layers of metallic material
of about 0.2 to 0.6 mm and 0.25 to 1 mm ceramic.
[0013] The ceramic may be or comprise Al2O3, Si3N4
or AlN.
[0014] In an embodiment, the first metallic material is
aluminum or copper or another bulk metal or alloy. In an
embodiment, the first metallic material comprises alumi-
num or copper or another bulk metal or alloy as major
component. "As major component" can herein be under-
stood as comprising the stated element and only minor
amounts of other elements or traces or additives. For
example, the first metallic material comprises 80 to
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99.9% aluminum or copper, and preferably 95 to 99.9%
aluminum or copper. The first metallic material might be
copper bonded to the ceramic in a DCB process or bond-
ed using a brazing material.
[0015] In an embodiment, the second metallic material
is aluminum or comprises aluminum as major compo-
nent. For example, the second metallic material compris-
es 50 to 99.9% aluminum, preferably 75 to 99.9% alumi-
num, and more preferably 95 to 99.9% aluminum.
[0016] The eutectic bond can be understood as a bond-
ing by means of a metallic material layer (herein the sec-
ond metallic material) that can produce an eutectic sys-
tem (herein with the first metallic material). The so-called
eutectic metallic material can transform directly from solid
to liquid state or vice versa from liquid to solid state, at a
specific composition and eutectic temperature without
passing a two-phase equilibrium, i.e. liquid and solid
state. The eutectic system is a homogeneous mixture of
substances that melts or solidifies at a single eutectic
temperature that might be lower than the melting point
of the constituents. The eutectic temperature can be un-
derstood as the lowest possible melting temperature
compared to the melting temperature of all the different
mixing ratios for the constituents. In an embodiment, the
eutectic temperature is in a range of 530°C to 570°C,
preferably 540°C to 560°C. It may be 550°C or 548°C.
During the eutectic temperature, the first material (e.g.
Cu) and the second material (e.g. Al) form an eutectic
bond between the substrate and the heat exchange
structure.
[0017] According to the present disclosure, also a man-
ufacturing method for a heat exchange compound mod-
ule is presented. The manufacturing method for a heat
exchange compound module comprises the following
steps:

- providing a metal-ceramic substrate comprising an
outer layer of a first metallic material,

- applying a heat exchange structure made of a sec-
ond metallic material on the metal-ceramic substrate
to form a heat exchange compound module, and

- heating the heat exchange compound module to an
eutectic temperature, at which the heat exchange
structure connects to the outer layer of the heat ex-
change substrate (the metallic material of the metal-
ceramic substrate) only by an eutectic bond between
the first metallic material and the second metallic ma-
terial.

[0018] In an embodiment, the heat exchange structure
is a direct cooling device. In an embodiment, the heat
exchange structure is a pin fin cooler or a heat sink.
[0019] In an embodiment, the first metallic material is
or comprises aluminum or copper or another bulk metal
or alloy as major component. In an embodiment, the sec-
ond metallic material is or comprises aluminum or the
like as major component.
[0020] In an embodiment, the eutectic temperature is

in a range of 530°C to 570°C, preferably 540°C to 560°C.
It may be 550°C or 548°C. During the eutectic tempera-
ture, the first material (e.g. Cu) and the second material
(e.g. Al) form an eutectic bond between the substrate
and the heat exchange structure.
[0021] In an embodiment, the heating is done in an
inert atmosphere as e.g. nitrogen.
[0022] In an embodiment, the heat exchange com-
pound module further comprises a step of applying a
weight on the heat exchange compound module before
heating the heat exchange compound module. The
weight might be up to 0.5 kg equally distributed on the
entire metal-ceramic substrate (either being a master
card (5 x 7 inches) or a single unit). As material of the
weight any material being stable up to the eutectic tem-
perature might be used, e.g. ceramic or steel. It shall be
understood that the module and the method according
to the independent claims have similar and/or identical
preferred embodiments, in particular, as defined in the
dependent claims. It shall be understood further that a
preferred embodiment of the disclosure can also be any
combination of the dependent claims with the respective
independent claim.
[0023] These and other aspects of the present disclo-
sure will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Exemplary embodiments of the disclosure will
be described in the following with reference to the ac-
companying drawing:

Figure 1 shows schematically and exemplarily an em-
bodiment of a heat exchange compound
module.

Figure 2 shows schematically and exemplarily the
phase diagram of aluminum and copper.

Figure 3 shows schematically and exemplarily an em-
bodiment of a manufacturing method for a
heat exchange compound module.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] Figure 1 shows schematically and exemplarily
an embodiment of a heat exchange compound 30 mod-
ule.
[0026] The heat exchange compound module 30 com-
prises a metal-ceramic substrate 20 and a heat exchange
structure 12. The heat exchange structure 12 is a pin fin
cooler and comprises a plurality of single, non-intercon-
nected pin fins 14.
[0027] The metal-ceramic substrate 20 comprises an
outer layer 11 of a first metallic material. The first metallic
material is e.g. aluminum or copper. The metal-ceramic
substrate 20 is a sandwich comprising the outer layer 11
of the first metallic material as a first outer layer, followed
by a ceramic core 15 and followed by a second outer
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layer 13 of a metallic material. The metallic material of
the second outer layer 13 may be the same or a different
metallic material compared to the first metallic material.
The second outer layer may be structured to form elec-
trical contact areas to be connected to an electronic unit.
[0028] The heat exchange structure 12 is made of a
second metallic material and is connected to the first me-
tallic material of the outer layer 11 of the metal-ceramic
substrate 20 only by an eutectic bond between the first
metallic material and the second metallic material. This
means the heat exchange structure 12 is directly con-
nected to the outer layer of the metal-ceramic substrate
without any agent. The second metallic material is e.g.
aluminum.
[0029] As shown in the phase diagram of Figure 2, the
eutectic point or temperature of aluminum and copper
(marked by a circle) is at 548.2 °C, roughly at 548°C.
During the eutectic temperature, the first material (e.g.
Cu) and the second material (e.g. Al) form an eutectic
bond between the substrate and the heat exchange
structure.
[0030] Figure 3 shows schematically and exemplarily
an embodiment of a manufacturing method for a heat
exchange compound module. It comprises the following
steps, not necessarily in this order:

In step S1, providing a metal-ceramic substrate com-
prising an outer layer of a first metallic ma-
terial,

In step S2, applying a heat exchange structure made
of a second metallic material on the metal-
ceramic substrate to form a heat ex-
change compound module, and

In step S3, heating the heat exchange compound
module to an eutectic temperature, at
which the heat exchange structure con-
nects to the outer layer of the heat ex-
change substrate only by an eutectic
bond between the first metallic material
and the second metallic material.

[0031] The heating can be done in a nitrogen furnace
at e.g. 560°C.
[0032] It has to be noted that embodiments are de-
scribed with reference to different subject matters. In par-
ticular, some embodiments are described with reference
to method type claims whereas other embodiments are
described with reference to the device type claims. How-
ever, a person skilled in the art will gather from the above
and the following description that, unless otherwise no-
tified, in addition to any combination of features belonging
to one type of subject matter also any combination be-
tween features relating to different subject matters is con-
sidered to be disclosed with this application. However,
all features can be combined providing synergetic effects
that are more than the simple summation of the features.
[0033] While the disclosure has been illustrated and
described in detail in the drawings and foregoing descrip-

tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The disclo-
sure is not limited to the disclosed embodiments. Other
variations to the disclosed embodiments can be under-
stood and effected by those skilled in the art in practicing
a claimed disclosure, from a study of the drawings, the
disclosure, and the dependent claims.
[0034] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.
[0035] In view of the above, further aspects and em-
bodiments of the present invention relate to:

1. A heat exchange compound module, comprising:

- a metal-ceramic substrate, and
- a heat exchange structure,

wherein the metal-ceramic substrate comprises at
least an outer layer of a first metallic material,
wherein the heat exchange structure is made of a
second metallic material, and wherein the heat ex-
change structure is connected to the outer layer of
the metal-ceramic substrate only by an eutectic bond
between the first metallic material and the second
metallic material.

2. Module according to aspect 1, wherein the heat
exchange structure is a direct cooling device.

3. Module according to aspect 1, wherein the heat
exchange structure is a pin fin cooler.

4. Module according to aspect 2, wherein the pin fin
cooler comprises a plurality of single, non-intercon-
nected pin fins.

5. Module according to aspect 1, wherein the heat
exchange structure is a heat sink.

6. Module according to aspect 1, wherein the heat
exchange structure is connected to the outer layer
of the metal-ceramic substrate by a heat diffusion
process.

7. Module according to aspect 1, wherein the heat
exchange structure is directly connected to the outer
layer of the metal-ceramic substrate without any
agent.

8. Module according to aspect 1, wherein the first
metallic material comprises aluminum or copper as
major component.
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9. Module according to aspect 1, wherein the second
metallic material comprises aluminum as major com-
ponent.

10. Module according to aspect 1, wherein the metal-
ceramic substrate is a sandwich comprising the outer
layer of the first metallic material as a first outer layer,
followed by a metal-ceramic core and followed by a
second outer layer of a metallic material.

11. Module according to aspect 1, wherein the metal-
ceramic substrate comprises another outer layer of
a metallic material, wherein this other outer layer is
at least partly structured to form electrical contact
areas.

12. A manufacturing method for a heat exchange
compound module, comprising the following steps:

- providing a metal-ceramic substrate comprising
an outer layer of a first metallic material,

- applying a heat exchange structure made of a
second metallic material on the metal-ceramic
substrate to form a heat exchange compound
module, and

- heating the heat exchange compound module
to an eutectic temperature, at which the heat
exchange structure connects to the outer layer
of the heat exchange substrate only by an eu-
tectic bond between the first metallic material
and the second metallic material.

13. Method according to aspect 12, wherein the first
metallic material comprises aluminum or copper as
major component.

14. Method according to aspect 12, wherein the sec-
ond metallic material comprises aluminum as major
component.

15. Method according to aspect 12, wherein the eu-
tectic temperature is in a range of 530°C to 570°C,
preferably 540°C to 560°C.

16. Method according to aspect 12, wherein the heat-
ing is done in an inert atmosphere.

17. Method according to aspect 12, further compris-
ing a step of applying a weight on the heat exchange
compound module before heating the heat ex-
change compound module.

18. Method according to aspect 12, wherein the heat
exchange structure is a direct cooling device.

19. Method according to aspect 12, wherein the heat
exchange structure is a pin fin cooler.

20. Method according to aspect 12, wherein the heat
exchange structure is a heat sink.

Claims

1. A heat exchange compound module, comprising:

- a metal-ceramic substrate, and
- a heat exchange structure,

wherein the metal-ceramic substrate comprises at
least an outer layer of a first metallic material,
wherein the heat exchange structure is made of a
second metallic material, and
wherein the heat exchange structure is connected
to the outer layer of the metal-ceramic substrate only
by an eutectic bond between the first metallic mate-
rial and the second metallic material.

2. Module according to claim 1, wherein the heat ex-
change structure is a direct cooling device, or the
heat exchange structure is a pin fin cooler, or the
heat exchange structure is a heat sink.

3. Module according to claim 2, wherein the pin fin cool-
er comprises a plurality of single, non-interconnect-
ed pin fins.

4. Module according to claim 1, wherein the heat ex-
change structure is connected to the outer layer of
the metal-ceramic substrate by a heat diffusion proc-
ess, or wherein the heat exchange structure is di-
rectly connected to the outer layer of the metal-ce-
ramic substrate without any agent.

5. Module according to claim 1, wherein the first me-
tallic material comprises aluminum or copper as ma-
jor component.

6. Module according to claim 1, wherein the second
metallic material comprises aluminum as major com-
ponent.

7. Module according to claim 1, wherein the metal-ce-
ramic substrate is a sandwich comprising the outer
layer of the first metallic material as a first outer layer,
followed by a metal-ceramic core and followed by a
second outer layer of a metallic material.

8. Module according to claim 1, wherein the metal-ce-
ramic substrate comprises another outer layer of a
metallic material, wherein this other outer layer is at
least partly structured to form electrical contact are-
as.

9. A manufacturing method for a heat exchange com-
pound module, comprising the following steps:
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- providing a metal-ceramic substrate compris-
ing an outer layer of a first metallic material,
- applying a heat exchange structure made of a
second metallic material on the metal-ceramic
substrate to form a heat exchange compound
module, and
- heating the heat exchange compound module
to an eutectic temperature, at which the heat
exchange structure connects to the outer layer
of the heat exchange substrate only by an eu-
tectic bond between the first metallic material
and the second metallic material.

10. Method according to claim 9, wherein the first me-
tallic material comprises aluminum or copper as ma-
jor component.

11. Method according to claim 9, wherein the second
metallic material comprises aluminum as major com-
ponent.

12. Method according to claim 9, wherein the eutectic
temperature is in a range of 530°C to 570°C, prefer-
ably 540°C to 560°C.

13. Method according to claim 9, wherein the heating is
done in an inert atmosphere.

14. Method according to claim 9, further comprising a
step of applying a weight on the heat exchange com-
pound module before heating the heat exchange
compound module.

15. Method according to claim 9, wherein the heat ex-
change structure is a direct cooling device, or the
heat exchange structure is a pin fin cooler, or the
heat exchange structure is a heat sink.
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